1. Introduction {#sec0005}
===============

Coronaviruses are enveloped, single-stranded RNA viruses of positive-sense polarity. Their genomes range from approximately 26--32 kb in size ([@bib0025]; [@bib0020]). The family *Coronaviridae* of the order *Nidovirales* is divided into the four genera: *Alphacoronavirus, Betacoronavirus, Gammacoronavirus,* and *Deltacoronavirus*. Bats are the projected host reservoir for *Alphacoronaviruses* and *Betacoronaviruses,* while birds are the suspect host for *Gammacoronaviruses* and *Deltacoronaviruses* ([@bib0025]; [@bib0020]). Porcine epidemic diarrhea virus (PEDV) (genus *Alphacoronavirus*) and porcine deltacoronavirus (PDCoV) (genus *Deltacoronavirus*) share similar clinical and pathological features, including acute diarrhea, dehydration and mortality in neonatal piglets ([@bib0025]; [@bib0020]).

For the last four decades since the first discovery of PEDV in 1977, PEDV has been found only within the pig population ([@bib0020]). However, PDCoV-induced pig diarrhea recently emerged in the United States in 2014 ([@bib0025]). PDCoV is a novel enteropathogenic coronavirus in pigs and was previously reported in wild birds, although the mechanisms of interspecies transmission of deltacoronaviruses between pigs and birds are unclear ([@bib0025]). PDCoV may be incompletely adapted to pigs and as such may have a capacity to infect different animal species ([@bib0025]), as also suggested by previous *in vitro* or *in vivo* observations ([@bib0005]; [@bib0045]; [@bib0050]). Our previous *in vivo* study also revealed that gnotobiotic calves were susceptible to infection with the newly emerging PDCoV, but not with PEDV ([@bib0030]). In prior studies, we isolated various primary cells from gnotobiotic calves to test growth of the GIII.2 bovine norovirus strain CV186-OH that did not grow in regular bovine cell lines ([@bib0070]). Additionally, two different primary bovine cells, morphologically and molecularly (vimentin-positive, but E-Cadherin-negative) similar to mesenchymal cells, were isolated and successfully propagated *in vitro*. Therefore, we attempted to use the two primary bovine cell types to investigate: i) whether they are also susceptible to infection with the cell culture-adapted PDCoV OH-FD22, but not with the cell culture-adapted PEDV PC22-P40, similar to the previous *in vivo* observations in gnotobiotic calves ([@bib0030]); ii) if or how *in vitro* observations from bovine cells coincide with the *in vivo* counterparts from gnotobiotic calves; and iii) based on that, to which extent the cell culture-based observations may be useful to predict the corresponding *in vivo* expectations.

2. Materials and methods {#sec0010}
========================

2.1. Virus {#sec0015}
----------

The PDCoV OH-FD22-P8 (passage 8) virus was serially passaged in LLC porcine kidney (LLC-PK) (ATCC CL-101) cells supplemented with 10 μg/mL of trypsin in the cell culture medium for a total of 8 passages, as described previously ([@bib0015]). After the 6th passage, the virus was purified once by a plaque assay and then further serially passaged ([@bib0015]). The viral RNA titer of the OH-FD22-P8 used in this study was 10.5 log~10~ genomic equivalents (GE)/mL, and the infectious titer was 8.6 log~10~ plaque forming units (PFU)/mL ([@bib0035]). The Vero cell-culture grown PEDV PC22-P40 (passage 40) virus was also used to infect primary bovine cells, as described previously ([@bib0030]; [@bib0065]). The PEDV PC22-P40 retained its pathogenic characteristics, similar to the parent virus ([@bib0055]).

2.2. Isolation of primary bovine cells from the kidney or heart of a gnotobiotic calf {#sec0020}
-------------------------------------------------------------------------------------

Two primary bovine cell types were isolated from the kidney and heart of a 7-day-old gnotobiotic calf. After removing the pericardial or renal capsule, approximately 10 g of the cardiac or renal parenchyma were collected. Cells were dissociated mechanically from tissues using sterile metal mesh screens (Sigma-Aldrich). Isolated cells were propagated and passaged in the following growth medium: Dulbecco's modified eagle medium/F12 (DMEM/F12) (Gibco, USA) supplemented with 10 % fetal bovine serum (FBS), 2% penicillin/streptomycin (Gibco), 1% insulin-transferrin-sodium selenite (Roche), and 10 ng/mL of human epidermal growth factor (Invitrogen). Cells were passaged 3--4 times before use, and growth of cells and bacterial contamination were monitored during each passage. Virus was inoculated onto 2 to 3-day-old, 100 % confluent cell monolayers. All animal-related experimental or euthanasia protocols were approved by the Ohio State University Institutional Animal Care and Use Committee.

2.3. Immunofluorescent staining for the detection of E-Cadherin or vimentin in the primary bovine cells isolated {#sec0025}
----------------------------------------------------------------------------------------------------------------

The primary bovine cells isolated from the kidney were spindle-shaped, whereas the cells isolated from the heart were polygonal to slightly elongate. We tested the cell monolayers by immunofluorescent (IF) staining to determine if they were positive or negative for E-Cadherin (a marker for epithelial cells) and/or vimentin (a marker of mesenchymal cells, such as fibroblasts and smooth muscle cells). The cell monolayers in 6-well plates were fixed with 100 % ethanol at 4 °C overnight and tested in duplicate by IF staining, as described previously ([@bib0015]; [@bib0035]), for the detection of E-Cadherin or vimentin antigen, using monoclonal antibodies against human E-Cadherin (Invitrogen, CA, USA) or human vimentin (Novus Biologicals, Littleton, CO, USA). Monoclonal antibodies were diluted 1 in 25−50 in phosphate-buffered saline (PBS).

2.4. Infection of primary bovine cells with PDCoV or PEDV {#sec0030}
---------------------------------------------------------

The cell culture conditions tested to infect primary bovine cells with a multiplicity of infection (MOI) 1 of PDCoV or PEDV in 6-well plates were as follows: Washing of cells with maintenance medium (DMEM/F12 supplemented with 2% penicillin/streptomycin) (MM) twice to remove FBS, virus adsorption for one hour, and then removal of the inoculum and the addition of 2 mL MM supplemented with 1.25--2.5 μg/ml and 2.5−5 μg/mL of trypsin (Gibco) (MMT) for PDCoV and PEDV, respectively. A higher concentration of trypsin in MMT was used for growth of PEDV compared with PDCoV based on our previous observations ([@bib0015]; [@bib0035]; [@bib0065]). Overall, the cell culture conditions for viral infections were similar to the previous methods used in Vero cells and LLC-PK or IPEC-J2 (pig small intestinal epithelial cell line) cells for PEDV and PDCoV, respectively ([@bib0015]; [@bib0035]; [@bib0065]). However, only lower concentrations of trypsin were added to MMT ([@bib0015]; [@bib0035]; [@bib0065]), because primary bovine cells were expected to be less tolerant to trypsin than the immortalized cell lines used previously.

2.5. Analysis of PDCoV or PEDV RNA in cell culture supernatants {#sec0035}
---------------------------------------------------------------

Infection of primary bovine cells with PDCoV or PEDV was conducted in duplicate. One-hundred microliters of cell culture supernatants were collected from PDCoV- or PEDV-inoculated and non-inoculated cells in 6-well plates at 18 and 42 h post-inoculation (hpi). The RNA was extracted from 50 μl of cell culture supernatants centrifuged at 2000 × *g* for 30 min at 4 °C, using the Mag-MAX Viral RNA Isolation Kit (Applied Biosystems, Foster City, CA, USA) according to the manufacturer\'s instructions. The detection limit of qRT-PCR for PDCoV and PEDV was 10 GE per reaction, corresponding to 5.6 and 5.8 log~10~ GE/mL of PDCoV and PEDV in cell culture supernatants, respectively ([@bib0030]). Log~10~-transformed viral RNA titers (log~10~ GE/mL) were expressed as the means ± standard deviation of the means (SD).

2.6. Immunofluorescent staining for the detection of PDCoV or PEDV antigen in primary bovine cells {#sec0040}
--------------------------------------------------------------------------------------------------

When PDCoV- or PEDV-inoculated cells showed more than 50 % CPE in 6-well plates, they were washed with PBS and fixed with 100 % ethanol at 4 °C overnight. The infected cells were prepared in duplicate and tested by IF staining for the detection of PDCoV or PEDV antigen, using hyperimmune gnotobiotic pig antiserum against PDCoV OH-FD22 strain or monoclonal antibody 6C8-1 against the nucleocapsid protein of PEDV, respectively, as described previously ([@bib0030]). Trypsin alone-treated cells were tested as negative controls for IF staining.

3. Results {#sec0045}
==========

3.1. The isolated primary bovine cells appeared to be mesenchymal cells positive for vimentin, but negative for E-Cadherin {#sec0050}
--------------------------------------------------------------------------------------------------------------------------

After the first 3--4 passages, the isolated primary bovine cells were 100 % confluent at approximately 2--3 days after seeding approximately 2 × 10^5^ cells in 6-well plates. The primary cells isolated from the kidney appeared to be homogeneous cells that were spindle-shaped ([Fig. 1](#fig0005){ref-type="fig"} A--B), whereas the other primary cells isolated from the heart appeared to be pleomorphic cells that were polygonal to slightly elongate ([Fig. 2](#fig0010){ref-type="fig"} A--B). By IF staining, the primary cells isolated from the kidney were positive for vimentin but negative for E-Cadherin. Based on the morphologic and molecular characteristics, the isolated cells were considered to be fibroblast- or smooth muscle-like cells that belong to mesenchymal cells. In our study, the Primary Bovine Kidney mesenchymal cells were referred to as "PBK cells". Similarly, the primary cells isolated from the heart were positive for vimentin but negative for E-Cadherin. Because of the limited morphologic and molecular characteristics, the cells were considered to be only a type of mesenchymal cells of heart origin. In our study, the Primary Bovine Heart mesenchymal cells were also referred to as "PBH cells".Fig. 1Cytopathic effects (CPE) and localization of PDCoV antigens by immunofluorescent (IF) staining in primary bovine kidney (PBK) cells inoculated with the PDCoV strain OH-FD22 (MOI, 1), and supplemented with 2.5 μg/mL of trypsin in the cell culture medium. (A) PDCoV OH-FD22-inoculated PBK cells at 42 h post-inoculation (hpi), showing CPE that consists of enlarged, rounded, and densely granular cells that occurred singly or in clusters, often forming cell clumps, followed by cell shrinkage and detachment. (B) PDCoV-uninoculated PBK cells supplemented with 2.5 μg/mL of trypsin showing normal spindle-shaped cells. Note that most of PBK cells are spindle-shaped. (C) IF staining of the inoculated PBK cells at 42 hpi, showing that the enlarged, rounded or spindle-shaped cells are positive for PDCoV antigen (green staining). (D) Blue-fluorescent 4′, 6-diamidino-2-phenylindole dihydrochloride (DAPI) staining of Panel C to counterstain nuclear DNA. (E) Overlay of Panels C and D. (F) IF staining of PDCoV-uninoculated PBK cells treated with 2.5 μg/mL of trypsin at 42 hpi, showing no cells positive for PDCoV antigen. (G) DAPI staining of Panel F. (H) Overlay of Panels F and G. Scale bars =50 μm (A--H). (I) PDCoV RNA titers by qRT-PCR in cell culture supernatants of PDCoV-inoculated PBK and primary bovine heart cells supplemented with 1.25 to 2.5 μg/mL of trypsin at 18 and 42 hpi. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).Fig. 1Fig. 2Cytopathic effects (CPE) and localization of PDCoV antigens by immunofluorescent (IF) staining in primary bovine heart (PBH) cells inoculated with the PDCoV strain OH-FD22 (MOI, 1), and supplemented with 2.5 μg/mL of trypsin in the cell culture medium. (A) PDCoV OH-FD22-inoculated PBH cells at 42 h post-inoculation (hpi), showing CPE that consists of enlarged, rounded, and densely granular cells that occurred singly or in clusters, often forming cell clumps, followed by cell shrinkage and detachment. (B) PDCoV-uninoculated PBH cells supplemented with 2.5 μg/mL of trypsin showing normal cells. (C) IF staining of the inoculated PBH cells at 42 hpi, showing that the enlarged, rounded, and clustered cells are positive for PDCoV antigen (green staining). (D) Blue-fluorescent 4′, 6-diamidino-2-phenylindole dihydrochloride (DAPI) staining of Panel C to counterstain nuclear DNA. (E) Overlay of Panels C and D. (F) IF staining of PDCoV-uninoculated PBH cells treated with 2.5 μg/mL of trypsin at 42 hpi, showing no cells positive for PDCoV antigen. (G) DAPI staining of Panel F. (H) Overlay of Panels F and G. Scale bars =50 μm (A--H). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).Fig. 2

3.2. Cytopathic effects and PDCoV antigens were identified in PDCoV-inoculated primary bovine cells {#sec0055}
---------------------------------------------------------------------------------------------------

At 18 hpi, in PDCoV-inoculated PBK and PBH cells treated with 1.25--2.5 μg/ml of trypsin, approximately 30--40 % of cells showed cytopathic effects (CPE) such as enlarged and rounded cells that occurred singly or in clusters, followed by cell shrinkage and detachment. At 42 hpi, PDCoV-inoculated PBK and PBH cells treated with 1.25--2.5 μg/ml of trypsin exhibited approximately 50--60 % of CPE ([Figs. 1](#fig0005){ref-type="fig"}A--B and [2](#fig0010){ref-type="fig"} A--B). By IF staining, low numbers (approximately 20--25 % of the cells remained on the plates) of the single or clustered cells that showed CPE in PBK ([Fig. 1](#fig0005){ref-type="fig"}C--E) and PBH cells ([Fig. 2](#fig0010){ref-type="fig"}C--E) at 42 hpi, were positive for PDCoV antigen, regardless of the different trypsin concentrations. No IF-positive cells were found in the PDCoV-uninoculated, trypsin-treated negative controls ([Figs. 1](#fig0005){ref-type="fig"}F--H and [2](#fig0010){ref-type="fig"} F--H).

3.3. Cytopathic effects and PEDV antigens were also identified in PEDV-inoculated primary bovine cells {#sec0060}
------------------------------------------------------------------------------------------------------

At 18 hpi, there was no significant CPE observed in PEDV-inoculated PBK and PBH cells treated with 2.5−5 μg/mL of trypsin. At 42 hpi, however, PEDV-inoculated PBK and PBH cells treated with 2.5−5 μg/mL of trypsin exhibited more than 50%--100% of CPE. Similar to CPE observed in PDCoV-inoculated cells ([Figs. 1](#fig0005){ref-type="fig"}A and [2](#fig0010){ref-type="fig"} A), CPE consisted of enlarged, rounded, and densely granular cells that occurred singly or in clusters, often forming cell clumps, followed by cell shrinkage and detachment. Relative to PEDV-inoculated PBK cells treated with 2.5−5 μg/mL of trypsin or PEDV-inoculated PBH cells treated with the lower concentration of trypsin, 2.5 μg/mL, PEDV-inoculated PBH cells treated with the higher concentration of trypsin, 5 μg/mL, showed complete cell detachment at 42 hpi. By IF staining, low numbers (approximately 20--25 % of the cells remained on the plates) of the single or clustered cells that showed CPE in PBK ([Fig. 3](#fig0015){ref-type="fig"} A--C) and PBH cells ([Fig. 4](#fig0020){ref-type="fig"} A--C) at 42 hpi, were positive for PEDV antigen, regardless of the different trypsin concentrations, except for the completely detached, PEDV-inoculated PBH cells treated with 5 μg/mL of trypsin at 42 hpi. No IF-positive cells were found in the PEDV-uninoculated, trypsin-treated negative controls ([Figs. 3](#fig0015){ref-type="fig"}D--F and [4](#fig0020){ref-type="fig"} D--F).Fig. 3Localization of PEDV antigens by immunofluorescent (IF) staining in primary bovine kidney (PBK) cells inoculated with the PEDV strain PE22-P40 (MOI, 1), and supplemented with 2.5 μg/mL of trypsin in the cell culture medium. (A) IF staining of the inoculated PBK cells at 42 h post-inoculation (hpi), showing that the enlarged, rounded, and clustered cells are positive for PEDV antigen (green staining). (B) Blue-fluorescent 4′, 6-diamidino-2-phenylindole dihydrochloride (DAPI) staining of Panel A to counterstain nuclear DNA. (C) Overlay of Panels A and B. Note that the entire clustered cells positive for PEDV antigen (arrowheads) appeared to be syncytial or multinucleated cells. (D) IF staining of PEDV-uninoculated PBK cells treated with 2.5 μg/mL of trypsin at 42 hpi, showing no cells positive for PEDV antigen. (E) DAPI staining of Panel D. (F) Overlay of Panels D and E. Scale bars =50 μm (A--F). (G) PEDV RNA titers by qRT-PCR in cell culture supernatants of PEDV-inoculated PBK and primary bovine heart cells supplemented with 2.5--5 μg/mL of trypsin at 18 and 42 hpi. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).Fig. 3Fig. 4Localization of PEDV antigens by immunofluorescent (IF) staining in primary bovine heart (PBH) cells inoculated with the PEDV strain PE22-P40 (MOI, 1), and supplemented with 2.5 μg/mL of trypsin in the cell culture medium. (A) IF staining of the inoculated PBH cells at 42 h post-inoculation (hpi), showing that the enlarged, rounded, and clustered cells are positive for PEDV antigen (green staining). (B) Blue-fluorescent 4′, 6-diamidino-2-phenylindole dihydrochloride (DAPI) staining of Panel A to counterstain nuclear DNA. (C) Overlay of Panels A and B. (D) IF staining of PEDV-uninoculated PBH cells treated with 2.5 μg/mL of trypsin at 42 hpi, showing no cells positive for PEDV antigen. (E) DAPI staining of Panel D. (F) Overlay of Panels D and E. Scale bars =50 μm (A--F). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).Fig. 4

3.4. High PDCoV RNA titers were observed in the cell culture supernatants of trypsin-treated, PDCoV-inoculated PBK and PBH cells at 18 and 42 hpi {#sec0065}
-------------------------------------------------------------------------------------------------------------------------------------------------

Mean PDCoV RNA titers (SD) in PDCoV-inoculated PBK cells treated with 2.5 μg/mL of trypsin were 9.0 (0.1) log~10~ GE/mL and 9.3 (0.1) log~10~ GE/mL at 18 and 42 hpi, respectively, whereas viral RNA titers in the lower concentration trypsin (1.25 μg/mL)-treated, PDCoV-inoculated PBK cells were lower, such as 8.7 (0.1) log~10~ GE/mL and 9.1 (0.1) log~10~ GE/mL at 18 and 42 hpi, respectively ([Fig. 1](#fig0005){ref-type="fig"}I). Similarly, mean PDCoV RNA titers (SD) in PDCoV-inoculated PBH cells treated with 2.5 μg/mL of trypsin were 8.8 (0.1) log~10~ GE/mL and 8.9 (0.1) log~10~ GE/mL at 18 and 42 hpi, respectively, whereas viral RNA titers in the lower concentration trypsin (1.25 μg/mL)-treated, PDCoV-inoculated PBH cells were lower, such as 8.3 (0.1) log~10~ GE/mL and 8.2 (0.1) log~10~ GE/mL at 18 and 42 hpi, respectively. There was also a trend toward higher PDCoV RNA titers in the cell culture supernatants of PDCoV-inoculated PBK cells (of kidney origin) compared with the PBH counterpart (of heart origin) ([Fig. 1](#fig0005){ref-type="fig"}I). None of the cell culture supernatants from the PDCoV-uninoculated, trypsin-treated negative controls was positive for PDCoV RNA at 18−42 hpi.

3.5. High PEDV RNA titers were also observed in the cell culture supernatants of trypsin-treated, PEDV-inoculated PBK and PBH cells at 18 and 42 hpi {#sec0070}
----------------------------------------------------------------------------------------------------------------------------------------------------

Mean PEDV RNA titers (SD) in PEDV-inoculated PBK cells treated with 5 μg/mL of trypsin were 12.3 (0.1) log~10~ GE/mL and 12.4 (0.1) log~10~ GE/mL at 18 and 42 hpi, respectively, whereas viral RNA titers in the lower concentration trypsin (2.5 μg/mL)-treated, PEDV-inoculated PBK cells were lower, such as 11.6 (0.1) log~10~ GE/mL and 11.7 (0.1) log~10~ GE/mL at 18 and 42 hpi, respectively ([Fig. 3](#fig0015){ref-type="fig"}G). Similarly, mean PEDV RNA titers (SD) in PEDV-inoculated PBH cells treated with 5 μg/mL of trypsin were 12.4 (0) log~10~ GE/mL and 13.0 (0) log~10~ GE/mL at 18 and 42 hpi, respectively, whereas viral RNA titers in the lower concentration trypsin (2.5 μg/mL)-treated, PEDV-inoculated PBH cells were lower, such as 11.7 (0.1) log~10~ GE/mL and 12.0 (0.1) log~10~ GE/mL at 18 and 42 hpi, respectively. Dissimilar to the observation from PDCoV-inoculated cells, there was a trend toward higher PEDV RNA titers in the cell culture supernatants of PEDV-inoculated PBH cells (of heart origin) compared with the PBK counterpart (of kidney origin) ([Fig. 3](#fig0015){ref-type="fig"}G). None of the cell culture supernatants from the PEDV-uninoculated, trypsin-treated negative controls was positive for PEDV RNA at 18−42 hpi.

4. Discussion {#sec0075}
=============

Based on our data from two different primary cells of kidney and heart origin, bovine mesenchymal cells were susceptible to infection with PDCoV and PEDV, that coincided with the *in vivo* susceptibility of gnotobiotic calves to infection with PDCoV, as reported previously ([@bib0030]). However, the observation is discrepant with the *in vivo* data from gnotobiotic calves inoculated orally with a similar strain of PEDV ([@bib0030]). The previous study revealed that PDCoV-inoculated gnotobiotic calves developed acute subclinical infection without histologic lesions and no detectable PDCoV antigen in the intestines and other major organs, including kidney and heart, but with persisting fecal viral RNA shedding and seroconversion ([@bib0030]). On the other hand, no PEDV-inoculated gnotobiotic calves exhibited fecal virus shedding, seroconversion, histopathology or detectable PEDV antigens in the corresponding tissues. The data indicate that gnotobiotic calves were susceptible to infection with the emerging PDCoV, but not with PEDV. Therefore, our *in vitro* observation from the primary bovine cell cultures only partially coincided with the corresponding *in vivo* data from gnotobiotic calves.

PEDV has been found only within the pig population ([@bib0020]). In contrast to the epidemiologic features of PEDV, the virus also replicated in cell lines from different animal species, such as bats (bat lung cells, Tb1-Lu), humans (human hepatocellular carcinoma cells, Huh7) ([@bib0060]) and birds (duck intestinal epithelial cells, MK-DIEC) ([@bib0040]). These observations could partially support the discrepant *in vivo* and *in vitro* results from our previous and current studies, respectively ([@bib0030]). However, it is also noteworthy that unlike our previous and current studies, none of the previous reports showed any evidence to support whether the *in vitro* observations from the bat or bird cell cultures coincide with *in vivo* data from PEDV-inoculated bats or birds ([@bib0040]; [@bib0060]).

Relative to PEDV, PDCoV is a novel enteropathogenic CoV in pigs ([@bib0025]). PDCoV may be incompletely adapted to pigs and as such may have a capacity to infect different animal species, such as calves, chickens, and turkeys ([@bib0005]; [@bib0030]; [@bib0050]). Our previous *in vitro* study demonstrated that a variety of cell lines of different animal species or organs origin were susceptible to infection with PDCoV, including human (Huh7 and human cervical cancer cells, HeLa), monkey (African green monkey kidney cells, Vero-CCL81), avian (chicken embryo fibroblast cells, DF-1), and canine (Madin-Darby canine kidney cells, MDCK), implicating its zoonotic or interspecies transmission potential ([@bib0045]). We also identified aminopeptidase N (APN) as a major cell entry receptor for PDCoV in the variety of cells of the different animal species origin. Structural analyses of the APN ectodomain revealed four independently folded domains, termed domains I through IV ([@bib0010]), which were highly conserved among different animal species, including bovine (*Bos tarus*) ([@bib0045]). Therefore, similar to the cells of human, monkey, avian or canine origin that permitted PDCoV infection ([@bib0045]), the spike 1 protein of PDCoV also seemed to engage APN *via* the conserved domain II for entry into the primary bovine cells of kidney or heart origin. However, it is noteworthy that in our previous *in vivo* study, no PDCoV-inoculated calves exhibited PDCoV antigen in the small and large intestines, kidney, or heart ([@bib0030]). On the other hand, the mechanisms by which PEDV entered into the primary bovine cells remain unknown as does the receptor for PEDV.

Our previous study revealed limited infectivity of PDCoV in gnotobiotic calves ([@bib0030]), and likewise, in our subsequent studies, we found that gnotobiotic calf-passaged strains of PDCoV had no increased infectivity in gnotobiotic calves after serial calf passage, indicating incomplete adaptation of the virus to calves. Therefore, in our current study, we further attempted to verify if the previous *in vivo* finding could present an abortive infection with PDCoV in gnotobiotic calves. However, we did not verify which primary bovine mesenchymal cell type was more susceptible to PDCoV or PEDV, by comparing the infectivity and replication rates between the two cell types. Our current study demonstrated that PDCoV or PEDV previously grown in other swine or monkey cell cultures such as LLC-PK or Vero cells, respectively, can infect and replicate *in vitro* in primary bovine mesenchymal cells. Compared with PDCoV RNA titers, ranging from 8.2 to 9.3 log~10~ GE/mL, in the cell culture supernatants of PBK or PBH cells treated with 1.25--2.5 μg/ml of trypsin at 18−42 hpi, higher PEDV RNA titers, ranging from 11.6 to 13.0 log~10~ GE/mL, were observed in the cell culture supernatants of PBK or PBH cells treated with 2.5−5 μg/mL of trypsin during the same period. The higher PEDV RNA titers might be a result of greater replication and release of PEDV in the PBK or PBH cells treated with the higher concentrations of trypsin, although the detailed mechanisms need to be investigated further. In addition, supplementation of 1.25--2.5 μg/ml and 2.5−5.0 μg/mL of trypsin in the cell culture maintenance medium for PDCoV and PEDV, respectively, appeared to be beneficial for both viral growth and induction of CPE in the two primary bovine cell types, although further studies are needed to confirm the absolute necessity of trypsin in the cell culture maintenance medium for PDCoV and PEDV replication. The results were similar to the beneficial effect of the exogenous trypsin on both growth and induction of CPE of these two viruses in the pig or monkey cell lines ([@bib0015]; [@bib0035]; [@bib0065]; [@bib0075]).

5. Conclusion {#sec0080}
=============

We demonstrated that primary bovine mesenchymal cells were susceptible to infection with PDCoV and PEDV. The *in vitro* observation only partially coincided with the corresponding *in vivo* data from gnotobiotic calves that were susceptible to infection with PDCoV, but not with PEDV. Based on our data, cell culture-based observations on growth of coronaviruses may not be comprehensive enough to postulate their *in vivo* infectivity, although unlike PEDV, PDCoV showed the capacity to infect and replicate in both gnotobiotic calves *in vivo* and in bovine primary cells *in vitro*. However, further studies are still needed to investigate whether bovine intestinal epithelial cells are also susceptible to PDCoV and PEDV.
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